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@ A display-integrated tablet apparatus of 
electrostatic induction type having a liquid crys- 
tal panel (11) shields a radiofrequency field 
generated from a backlight source for the liquid 
crystal panel such as a fluorescent lamp (40) 
and a backlight drive mechanism. A coating (54) 
of nickel, copper, or other metal is provided on 
the surface of a lamp holder (52) for the fluores- 
cent lamp (40) provided at the periphery of the 
liquid crystal panel (11), and the metallic coat- 
ing (54) is grounded, effectively shielding the 
radlofrequency field emitted from the fluores- 
cent lamp (40) towards an input panel (34) of the 
tablet As a result, an induction voltage, which 
would be caused by the radlofrequency field, Is 
prevented from being induced to a detection 
pen (18) placed at the input panel (34) of the 
tablet and coordinate detection errors are pre- 
vented. 

Alternatively, the lamp may be switched off 
during coordinate detection periods or the lamp 
drive frequency may be chosen such that har- 
monics lie outside the range of frequencies 
responded to by the coordinate detection cir- 
cuit 
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BACKGROUND OF THE INVENTION 

The present Invention relates to a coordinate In- 
put device, and particularly to a tablet apparatus with 
a display function used for entering text, graphics, and s 
other data types to a personal computer or word proc- 
essor. 

Electronic input devices for entering handwritten 
text, graphics, and numbers to a computer or word 
processor using an electrostatic Induction-type tablet 10 
are commercially available. Such devices typically 
comprise a liquid crystal display (LCD) and an elec- 
trostatic Induction- type tablet stacked thereon, and 
enable the user to enter data by writing with a stylus 
in much the same way people write with a pencil or is 
pen on paper. 

Electrostatic Induction tablets used In such appli- 
cations commohl y"hTave = tranIpa rent striped ~el ectro- 
des of (e.g.) indium oxide formed on a transparent 
glass or plastic film. Data written on the tablet Is cap- 20 
tured by sequentially applying a pulse voltage to the 
transparent electrodes to scan the tablet. Fig. 1 
shows an electrostatic induction tablet of this type. 

A coordinate input member 1 of this electrostatic 
induction tablet has a glass substrate 2 on which plu- 2s 
raJ transparent electrodes X 1? X 2 , Xa ... Xm (designat- 
ed below as simply X) are formed, and a glass sub- 
strate 3 on which plural transparent electrodes Y t , Y 2 . 
Y 3 ... Yn (designated below as simply Y) are formed. 
These glass substrates 2, 3 are placed side by side 30 
with the respective electrode surfaces opposite and 
a minute gap in between. The coordinate input mem- 
ber 1 thus formed is installed over a liquid crystal dis- 
play (not shown In the figure). 

The transparent electrodes X, Y are connected to 35 
a column electrode shift register 4 and a row electrode 
shift register 5, respectively. The two shift registers 4, 
5 are connected to a timing generator 6. 

The timing generator 6 outputs shift data Ds and 
clock signals Ck to the shift registers 4, 5. Based on 40 
this shift data Ds and clock signal Ck, the column 
electrode shift register 4 sequentially applies a pulse 
voltage to the transparent electrodes X, and the row 
electrode shift register 5 sequentially applies a pulse 
voltage to the transparent electrodes Y. 45 

When the tip of a coordinate detection pen 7 ("de- 
tection pen" below) is brought into proximity with the 
surface of the coordinate Input member 1, a voltage 
is induced to the detection pen 7 tip by the floating ca- 
pacitance between an electrode in the tip of the de- 50 
tectlon pen 7 and either the transparent column or 
row electrode X or Y. The voltage Induced to the de- 
tection pen 7 is then amplified by an amplifier 8, and 
input to an X coordinate detection circuit 9 and a Y co- 
ordinate detection circuit 10. 55 

The X and Y coordinate detection circuits 9, 10 
calculate the X or Y coordinate, respectively, of the 
detection pen 7 tip based on the induction voltage sig- 



nal Siv from the amplifier 8 and a timing signal St from 
the timing generator 6. TheX coordinate detection cir- 
cuit 9 outputs an X coordinate signal S x expressing 
the X coordinate of the detection pen 7 tip, and the Y 
coordinate detection circuit 1 0 similarly outputs a Y 
coordinate signal Sy expressing the Y coordinate of 
the detection pen 7 tip. The liquid crystal display then 
displays a pixel located at the coordinates specified 
by the tip of the detection pen 7 based on the X/Y co- 
ordinate signals S x , Sy from the X and Y coordinate 
detection circuits 9, 10. 

In an electronic input device having an electro- 
static induction tablet of the above type and an LCD 
laminated together, however, the reflectivity and 
transmissivity of areas of the coordinate input mem- 
ber 1 where the transparent electrodes X, Y are pres- 
e nt ^ferJornJ^qs^_areas wjiejej^ transparent _ 
electrodes X, Y are not present As a result, the elec- 
trode grid can be seen below the grid on the display 
screen of the LCD, causing a natural degradation of 
Image quality. 

Fig. 2 shows a display-integrated type tablet ap- 
paratus which has been recently proposed by one of 
the present inventors as a means of eliminating this 
problem (Japanese Patent Application No. 4-19064). 
The following describes the display-integrated type 
tablet apparatus for better understanding of the back- 
ground of the present invention, although It is not prior 
art to the present invention. 

This display-integrated type tablet apparatus 
combines display electrodes of the liquid crystal dis- 
play and the coordinate detection electrodes of the 
electrostatic induction tablet. Time-share processing 
is applied for coordinate detection and image display. 
Fig. 14 shows the timing of the coordinate detection 
and image display processings in the display-inte- 
grated type tablet apparatus of Fig. 2. 

Referring to Fig. 2, a liquid crystal panel 11 Is built 
with the liquid crystals sandwiched between common 
electrodes Y i - Y 8 (referred to as simply Y below) and 
segment electrodes X1 - X40 (referred to as simply X 
below). As in the apparatus above, the common and 
segment electrodes are each sequentially ordered 
and are arrayed perpendicularly to each other. The 
display pixels are formed at the intersections of the 
common and segment electrodes Y and X, resulting 
in a pixel matrix of 8 x 40 pixels. 

Compared with the electrostatic Induction tablet 
stacked on a liquid crystal display as described 
above, this display- integrated type tablet apparatus is 
easier to read because the grid-shaped electrode pat- 
tern Is not visible, and can easily be made lighter, 
smaller, and less expensive because the electrodes 
and drive circuits are shared by the liquid display and 
the electrostatic induction tablet 

This display-integrated type tablet apparatus op- 
erates as follows. 

A common drive circuit 1 2 for driving the common 
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electrodes Y and a segment drive circuit 1 3 for driving 
the segment electrodes X are connected through a 
selector 14 to a display controller 15 and a detection 
controller 1 6. The selector 14 is controlled by a control 5 
circuit 17 to output signals received from the display 
controller 15 to the common drive circuit 12 and the 
segment drive circuit 13 during the display period (In- 
dicated by B in Fig. 14), and to output signals received 
from the detection controller 16 to the common drive 10 
circuit 12 and segment drive circuit 13 during the co- 
ordinate detection period (indicated by A in Fig. 14). 

It is to be noted that the selector 14, display con- 
troller 15, detection controller 16, and control circuit 
1 7 are shown as separate circuit blocks in Fig. 2, but 1 s 
in practice these are included in a single LSI device 
and cannot be separated into discrete blocks as 
shown in the figure. 

DuririgWe Ifilpiay ^ data~"s r ' is output 

from a shift data output terminal S of the display con- 20 
trailer 15, an Inversion signal "fr" Is output from the In- 
version signal output terminal FR, a clock signal "cp1" 
is output from a clock output terminal CP1, another 
clock signal "cp2 n is output from a clock output termi- 
nal CP2, and display data "D 0 - - "D 3 - is output from 25 
data output terminals DO - D3. 

The clock signal "cp1 " is a clock signal with a per- 
iod equal to the period needed to display one row of 
pixels, and is Input through a selector 14 output ter- 
minal CP 10 as clock signal "cp1 o" to a clock input ter- 30 
minal YCK of the common drive circuit 12 and to a 
latch pulse input terminal XLP of the segment drive 
circuit 13. The shift data "s*, which is a pulse signal 
for selecting a specific common electrode Y, is input 
to a shift data Input terminal DI01 of the common drive 35 
circuit 12 as shift data "so" through an output terminal 
SO of the selector 14 synchronized to the clock signal 
"cplo". 

When the shift data "so" Is Input to the common 
drive circuit 12, the pulse position of the shift data "so" 40 
is shifted by a shift register of the common drive cir- 
cuit 12 synchronized to the clock signal "cplo", and 
a drive pulse of a common electrode drive signal is ap- 
plied to the common electrode Y from an output ter- 
minal 01, 02..., or 08 (referred to as simply "On" be- 45 
low) of the common drive circuit 12 corresponding to 
the shifted position. This common electrode drive sig- 
nal is generated based on the bias V 0 - V 6 supplied 
from a DC power supply circuit 22. 

The clock signal "cp2" is a clock signal with a per- so 
iod obtained by dividing the period needed to display 
one row of pixels, and is input through an output ter- 
minal CP20 of the selector 14 as clock signal "cp2o" 
to a clock input terminal XCK of the segment drive cir- 
cuit 13. 55 

The display data Do -D 3 are Input through the out- 
put terminals DOO - D30 of the selector 14 as display 
data D 0 o- D 3 o to the input terminals XD0-XD3 of the 
segment drive circuit 13, and get sequentially stored 



into a register (not shown) of the segment drive circuit 

13, synchronized to the clock signal ■cp2o°. Once all 
display data representing pixels In one row have been 
stored in the register of the segment drive circuit 13, 
the stored display data is latched by a latch circuit (not 
shown) in the segment drive circuit 13 in response to 
the clock signal "cplo" Input to the latch pulse Input 
terminal XLP, and a drive pulse of the segment elec- 
trode drive signal is applied in accordance with each 
display data to the segment electrode X from the cor- 
responding output terminal 01, 02..., or 040 (refer- 
red to as simply "Om" below) of the segment drive cir- 
cuit 13. This segment electrode drive signal is also 
generated based on the bias V 0 - V 5 supplied from the 
DC power supply circuit 22. 

The inversion signal "fr" causes the direction of 
t h ej;ol tage_appjlec[ to t he I iqu Id crystals tojnyert at 
each cycle during the display period to prevent dete- 
rioration due to electrical breakdown of the liquid 
crystals. The Inversion signal "fr" Is Input through an 
inversion signal output terminal FRO of the selector 
14 as inversion signal "fro" to an inversion signal input 
terminal YFR of the common drive circuit 12 and to an 
inversion signal Input terminal XFR of the segment 
drive circuit 13. 

Operation of the common drive circuit 12 and 
segment drive circuit 13 drives the pixel matrix of the 
liquid crystal panel 11 in row sequence, and an image 
defined by display data D 0 - D 3 is displayed on the liq- 
uid crystal panel 11. 

During the coordinate detection period (indicated 
by A in Fig. 14), shift data "sd" is output from a shift 
data output terminal Sd of the detection controller 1 6, 
an inversion signal "frd" is output from an Inversion 
signal output terminal FRd, a clock signal "cpld" is 
output from a dock output terminal CP1d, a clock sig- 
nal "cp2d" is output from a clock output terminal 
CP2d, and drive data D 0 d - Dad Is output from data 
output terminals DOd - D3d. 

The first clock signal °cp1d" is a clock signal with 
a period equal to the period needed to scan one com- 
mon electrode Y, and is input through the output ter- 
minal CP10 of the selector 14 as clock signal "cplo" 
to the clock input terminal YCK of the common drive 
circuit 12 and to the latch pulse input terminal XLP of 
the segment drive circuit 13. The shift data "sd", 
which is a pulse signal for selecting a specific com- 
mon electrode Y, is input to the shift data input termi- 
nal DI01 of the common drive circuit 12 as shift data 
"so" through the output terminal SO of the selector 

14. Input of the shift data "so" is synchronized to the 
clock signal "cpld". 

As described above for the display period, the 
pulse position of the shift data "so" is shifted sequen- 
tially by the shift register of the common drive circuit 
12 in response to the clock signal "cplo", and a pulse 
of the common electrode scan signal is sequentially 
applied to the common electrodes Y from the output 



3 



5 



EP0 571 215 A1 



6 



terminals On corresponding to the shifted positions. 
This common electrode scan signal is generated 
based on the bias supply V 0 - V 5 from the DC power 
supply circuit 22. 5 

The clock signal "cp2d" is a clock signal of which 
the period is the scanning period required to scan the 
segment electrode X, and is Input through the selec- 
tor 14 output terminal CP20 to the clock input termi- 
nal XCKof the segment drive circuit 13 as clock signal 10 
B cp2o". 

The drive data D 0 d - D 3 d is input through the out- 
put terminals DOO - D30 of the selector 14 as drive 
data DoO - D 3 o to the Input terminals XDO - XD3 of the 
segment drive circuit 13. The drive data is written into 15 
the register of the segment drive circuit 13 synchron- 
ized to the clock signal cp2o. A segment electrode 
scan signal for the drive data is sequentially output 
from the output terminal s Orri of the segment drive 
circuit 13 to the segment electrodes X. The segment 20 
electrode scan signal Is also generated based on the 
bias supply V 0 - V 5 from the DC power supply circuit 
22. 

As shown in Fig. 14, the coordinate detection per- 
iod A is divided into an x-coordinate detection period 25 
A x and a y-coordinate detection period Ay (which fol- 
lows x-coordinate detection). During the x-coordinate 
detection period the segment electrode scan signal, 
which is a pulse voltage signal, is applied sequentially 
to the segment electrodes X. During the y-coordinate 30 
detection period the common electrode scan signal, 
which is also a pulse voltage signal, is applied se- 
quentially to the common electrodes Y. 

A voltage is induced to the detection pen 18 by 
applying this pulse voltage signal of the segment or 35 
common electrode scan signal according to the float- 
ing capacitance between an electrode provided in the 
tip of the coordinate detection pen 1 8 (referred to as 
tip electrode below) and either the segment or com- 
mon electrode X or Y. The voltage induced to the de- 40 
tection pen 18 is then amplified by an amplifier 19, 
and input to an X coordinate detection circuit 20 or a 
Y coordinate detection circuit 21 as signal Siv. 

The X and Y coordinate detection circuits 20, 21 
calculate the X or Y coordinate, respectively, of the tip 45 
of the detection pen 18 by detecting the time from ap- 
plication of the pulse voltage signal to occurrence of 
the maximum induction voltage based on the output 
signal Siv from the amplifier 19 and the timing signal 
St from the control circuit 17. so 

Both electrostatic induction- type tablet devices 
described above, I.e., the electrostatic induction tab- 
let laminated over a liquid crystal display as shown in 
Fig. 1 and the display- integrated type tablet appara- 
tus as shown in Fig. 2, consume less power, feature 55 
a simpler construction, and offer stronger resistance 
to external and internal magnetic noise when com- 
pared with electromagnetic induction tablets. As a re- 
sult these apparatuses are widely used in hand-held 



data entry devices using a stylus for manual data en- 
try. 

As described above, the electrostatic Induction 
tablets detect the coordinates at the detection pen tip 
using the induction voltage produced at the detection 
pen 7, 18 when the scan pulse is applied to the coor- 
dinate detection electrodes (i.e., the column and row 
electrodes in Fig. 1, and the common and segment 
electrodes in Fig. 2). As a result, errors occur when an 
electrostatic noise source Is near the tip electrode of 
the detection pen 7, 18. 

Liquid crystal panels used along with the tablet 
of Fig. 1 or Incorporated in the display-integrated type 
tablet apparatus of Fig. 2 are not light-emitting devic- 
es. As a result a sharp display can be enjoyed under 
natural daylight or artificial lighting, but such displays 
are virtually unreadable in darkness. It Is therefore 
common to provide a light source (a backlight) behind 
the liquid crystal panel in order to achieve a clear, 
readable display even in dark places. Such displays 
are known as "backllF displays. For the above rea- 
son, the recently proposed display-integrated type 
tablet apparatus of Fig. 2 also has a fluorescent lamp 
40 as a backlight In the liquid crystal panel 11, as 
shown Fig. 3 which is a cross-sectional view of the 
display-integrated type tablet apparatus. 

In Fig. 3, the liquid crystal panel 11, around which 
are provided the segment drive circuit 13 and-corn- 
mon drive circuit 12 (not shown in Fig. 3), is covered 
by a peripheral front panel 33 and an input panel 34 
supported by the front panel 33. An air space of 1 - 3 
mm is provided between the input panel 34 surface 
and the liquid crystal panel 11 surface. 

The input panel 34 is formed of, for example, a 
transparent acrylic with a reinforced surface treat- 
ment to prevent scratching by the detection pen 18. 
It is also treated with a static prevention coating to 
prevent friction charging between the detection pen 
tip and the input panel surface. 

Behind the liquid crystal panel 11 are provided a 
plastic lamp holder 35 for holding the fluorescent 
lamp 40, a light guide panel 37 for guiding light from 
the fluorescent lamp 40 at the side behind the liquid 
crystal panel 11, and a dispersion panel 36. Reflec- 
tors 41, 42 are also provided inside the lamp holder 
35 and behind the light guide panel 37 to efficiently 
carry light output from the fluorescent lamp 40 behind 
the liquid crystal panel 11. Not-shown drive voltage 
application members such as a lamp drive power sup- 
ply and lead wires for the electrodes of the fluores- 
cent lamp 40 are also provided In the side of a bottom 
panel 39. 

Although the fluorescent lamp 40 is used as the 
backlight in the apparatus shown in Figs. 2 and 3, an 
electroluminescent (EL) panel can also be used as a 
backlight to make the device thinner. 

The AC drive voltage for such light sources is typ- 
ically high, approximately 1 00 V, 400 Hz for EL panels, 
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and several hundred volts for fluorescent lamps. 
When the lighting frequency of the fluorescent lamp 
Is close to or Is an integer multiple of the display frame 
frequency of the liquid crystal panel, flicker is pro- 5 
duced because of the difference therebetween. The 
lighting frequency, namely, frequency of the AC vol- 
tage for the light sources, is therefore usually several 
dozen kilohertz. 

The lighting frequency is determined according to 1 o 
the effect on the image display and efficiency, but 
when the lighting frequency is high and the applied 
voltage is high, a radiofrequency field occurs around 
the backlight source 40 and lead wires and power 
supply unit therefor. Fig. 4 shows the radiofrequency 15 
field occurring around the backlight source 40. When 
this radiofrequency field acts on the tip electrode 18a 
of a high impedance detection pen 18, an electrostatic 
induction voltage is induced to the tip electrode 1 8a. 

This electrostatic induction voltage is noise to the 20 
detection pen 1 8, and causes coordinate detection er- 
rors in the display-Integrated type tablet apparatus of 
the electrostatic induction type which, as described 
above, detects the coordinates at the detection pen 
tip using the induction voltage produced at the detec- 25 
tion pen 18 when the scan pulse is applied to the com- 
mon and segment electrodes X, Y 

For example. In practice, the induction voltage of 
the detection pen 18 resulting from the scan voltage 
applied to the lower electrodes (the common electro- ao 
des Y in Fig. 2) relative to the detection pen position 
Is a weak voltage of only 2-3 mV when no backlight 
is used for the liquid crystal panel 11. (Since the dis- 
play-integrated type tablet apparatus incorporates 
the liquid crystal panel 11, the output field of the up- 35 
per electrodes as viewed from the detection pen 18, 
i.e., the segment electrodes X in Fig. 2, is strong, and 
the induction voltage occurring at the detection pen 
1 8 is also high. However, the output field from the low- 
er electrodes, i.e., the common electrodes Yin Fig. 2, 4o 
is a field leaked from between the upper electrodes, 
and the Induction voltage Induced to the detection 
pen 18 is lower than the induction voltage based on 
the output field from the upper electrodes by an order 
of one to two places.) 45 

When the fluorescent lamp 40 is used as the 
backlight, however, a voltage of as large as approxi- 
mately 100 mV is induced when the detection pen 18 
Is placed near the edge of the liquid crystal panel 11 , 
whether the scan voltage is applied or not applied to so 
the electrodes. This is because the fluorescent lamp 
40 and power supply unit and the lead wires for the 
fluorescent lamp 40 are near the detection pen 18, 
and the radiofrequency field emitted from the fluores- 
cent lamp and power supply unit acts on t he detection 55 
pen 18. In addition, because the amplification rate of 
the induction voltage is set larger when calculating 
the Y coordinates than calculating the X coordinates 
due to the weaker output field from the lower electro- 



des Y, the calculated y coordinate value is more sus- 
ceptible to any given noise level than is the calculated 
x coordinate value. 

Under such signal-to- noise ratio conditions, de- 
tection precision not only drops, it becomes impossi- 
ble to detect the pen coordinates, and fluorescent 
lamps cannot be used as the backlight in electrostatic 
induction-type display-integrated type tablet appara- 
tuses. This is also true when an EL panel is used as 
the backlight In addition, this applies not only to the 
display-integrated type tablet apparatus shown in Fig. 
2, but also to the electronic input device wherein the 
electrostatic induction tablet shown in Fig. 1 is formed 
on the liquid crystal display panel. 

SUMMARY OF THE INVENTION 

The object of the present invention is therefore to 
provide a tablet apparatus with a display function that 
can prevent coordinate detection errors caused by 
the radiofrequency field emitted from the light emis- 
sions source, which functions as a backlight and op- 
erates at an alternating current (AC) voltage, and 
backlight drive circuitry for applying the AC voltage to 
the light emissions source. 

In order to accomplish the above object, the pres- 
ent invention provides an improvement on a tablet ap- 
paratus of an electrostatic induction type with a dis- 
play function for inputting coordinates of a position in- 
dicated by an associated indicating means and dis- 
playing an Image at the indicated position. 

According to the present invention, the tablet ap- 
paratus with a display function comprises a display 
panel for displaying the image, which incorporates a 
light emissions source acting as a backlight illuminat- 
ing the display panel from behind and driven by an al- 
ternating current (AC) voltage, a voltage application 
means for applying the AC voltage to the light emis- 
sions source, and means for eliminating electrostatic 
noise resulting from a radiofrequency field generated 
from the light emissions source and voltage applica- 
tion means. 

Typically, a liquid crystal display panel is used as 
the display panel. 

In an aspect of the present invention, the light 
emissions source and the voltage application means 
are placed behind the display panel, and the means 
for eliminating electrostatic noise comprises a shield 
electrode formed of a conductive material which is 
provided between an input panel of the tablet appa- 
ratus and the light emissions source and voltage ap- 
plication means for shielding the radiofrequency field 
generated from the light emissions source and vol- 
tage application means. 

With this arrangement the radiofrequency field, 
which is emitted from the light emissions source driv- 
en by an alternating current voltage and provided be- 
hind the display panel and from the voltage applica- 
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tion means applying the AC voltage to this light emis- 
sions source, is shielded by the shield electrode pro- 
vided between the light emissions source and voltage 
application means and the input surface of the tablet. 5 
As a result, this radiofrequency field is prevented from 
acting on the associated indicating means, specif Ical- 
ly, a high Input Impedance detection pen, positioned 
at the input panel, and an induction voltage is prevent- 
ed from occurring to the detection pen. As a result, 10 
only the induction voltage based on a scan pulse sig- 
nal from the electrodes used for coordinate detection 
is induced to the detection pen, and the correct coor- 
dinates of the detection pen tip on the input surface 
are detected. 15 

The light emissions source may be a fluorescent 
lamp disposed on either side of the display panel, and 
the shield electrode is preferably ; p^vide^on^a^lamp^ 
hoi deTof t het luorescent lamp . ~ 

In this case, the radiofrequency field emitted from 20 
the fluorescent lamp, which Is a main electrostatic 
noise source, Is effectively shielded by the shield 
electrode provided on the fluorescent lamp holder. In 
addition, this arrangement does not require a sepa- 
rately provided place for the shield electrode. The 25 
shield electrode may be provided on other appropri- 
ate places making use of components of the appara- 
tus. 

In another aspect of the present invention, the 
tablet apparatus is operated by a time-sharing meth- 30 
od alternating between a coordinate detection period 
during which coordinates of a position indicated by 
the associated indicating means is detected by se- 
quentially scanning a plurality of first electrodes and 
a plurality of second electrodes perpendicular to the 35 
first electrodes and a display period during which an 
image is displayed on the display panel at a position 
corresponding to the position detected in the coordin- 
ate detection period, and wherein the means for elim- 
inating electrostatic noise comprises a control means 40 
for controlling the voltage application means such 
that the light emissions source lights during the dis- 
play period and does not light during the coordinate 
detection period. 

In this tablet apparatus, the radiofrequency field 45 
is not generated during the coordinate detection per- 
iod. Therefore, correct coordinates specified by the 
indicating means are detected because operation of 
the light emissions source and the voltage application 
means are stopped. so 

Preferably, scanning of the electrodes is started 
a predetermined time after application of the AC vol- 
tage to the light emissions source by the voltage ap- 
plication means is stopped, and the application of the 
AC voltage to the light emissions source by the vol- 55 
tage application means is started a predetermined 
time after the scanning of the electrodes is stopped. 

The present invention also provides a display-in- 
tegrated type tablet apparatus which comprises a dis- 



play panel provided with a plurality of first electrodes 
and a plurality of second electrodes perpendicular to 
the first electrodes; a detection pen at a tip of which 
is disposed an electrode electrostatically connected 
to the first and second electrodes; a first drive circuit 
for driving the first electrodes; a second drive circuit 
for driving the second electrodes; a display control cir- 
cuit for controlling the first and second drive circuits 
during a display period of the apparatus to display an 
image on the display panel; a detection control circuit 
for controlling at least one of the first and second drive 
circuits to sequentially scan the corresponding elec- 
trodes during a coordinate detection period of the ap- 
paratus; a coordinate detection circuit for detecting 
coordinates on the display panel specified by the de- 
tection pen tip based on timing of generation of an out- 
put sig nal Jrom the detection. pen.and timing.of scan- 
ning of the electrodes; a lighting means driven by an 
alternating current voltage for illuminating the display 
panel from behind; a voltage application circuit for ap- 
plying the alternating current voltage to the lighting 
means to turn it on; and a control circuit for controlling 
the display control circuit, detection control circuit, co- 
ordinate detection circuit, and voltage application cir- 
cuit to a) alternately set the display period and coor- 
dinate detection period, b) display the image on the 
display panel during the display period, and c) detect 
the coordinates of the detection pen tip on the display 
panel during the coordinate detection period. The 
control circuit controls the voltage application circuit 
such that the lighting means lights during the display 
period, and does not light during the coordinate detec- 
tion period. 

In this arrangement, the control circuit controls 
the display control circuit and voltage application cir- 
cuit to set the display period. The first drive circuit and 
the second drive circuit are thus controlled by the dis- 
play control circuit, and an image Is displayed on the 
display panel. On the other hand, an alternating cur- 
rent (AC) voltage is applied to the lighting means by 
the voltage application circuit, causing the lighting 
means to light and the display panel to be illuminated 
from the backside. 

The detection control circuit, coordinate detection 
circuit, and voltage application circuit are then con- 
trolled by the control circuit and the coordinate detec- 
tion period is set. At least one of the first drive circuit 
and the second drive circuit is thus controlled by the 
coordinate detection circuit to sequentially scan at 
least either the first or second electrodes. The vol- 
tage induced to the detection pen Is output by the de- 
tection pen, and the coordinates on the display panel 
specified by the detection pen tip are detected by the 
coordinate detection circuit based on the output sig- 
nal from the detection pen. In this coordinate detec- 
tion period, the AC voltage applied to the lighting 
means from the voltage application circuit is cut off 
and the lighting means shuts off. 
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Operation of the voltage application circuit and 
lighting means is thus stopped during the coordinate 
detection period, and a radiofrequency field Is not 
generated from the voltage application circuit or light- 
ing means. The coordinates of the detection pen tip 
on the display panel can therefore be correctly de- 
tected. 

In an embodiment of the present invention, the 
control circuit controls the detection control circuit and 
voltage application circuit such that electrode scan- 
ning by the detection control circuit begins a predeter- 
mined time after application of the alternating current 
voltage to the lighting means from the voltage appli- 
cation means stops, and application of the alternating 
current voltage to the lighting means by the voltage 
application circuit begins a predetermined time after 
electrode scanning by the detection control circuit fin- 
ishes: 

The display panel may be of a duty- type or an ac- 
tive-matrix type, and a liquid crystal display panel Is 
typically used. 

In the above embodiment, the on/off timing of the 
AC voltage applied to the lighting means by the vol- 
tage application circuit is set outside the electrode 
scanning period, and electrostatic noise does not oc- 
cur during the coordinate detection period even if 
on/off switching of the AC voltage occurs near the AC 
voltage peak. Thus, electrostatic noise is prevented 
from occurring even during a transition period from 
the display period to the coordinate detection period, 
and vice versa. As a result, coordinate detection er- 
rors can be prevented with even greater reliability. 

In an electrostatic induction tablet apparatus with 
a display function according to a still another embodi- 
ment, the frequency of the AC voltage applied by the 
voltage application circuit to the lighting means or 
member, which illuminates the display panel from the 
back, Is set to a frequency that does not fall within a 
range of frequency components of the induction vol- 
tage induced to the detection pen from scanning puls- 
es. Electrostatic noise, which is Induced to the detec- 
tion pen by the radiofrequency field from the lighting 
means and voltage application circuit and is superim- 
posed to the true induction voltage caused by the 
scanning pulses, can be therefore completely sepa- 
rated from the frequency components of the true in- 
duction voltage. The coordinates of the detection pen 
tip on the electrostatic induction tablet are therefore 
correctly detected. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will become more fully un- 
derstood from the detailed description given below 
and the accompanying drawings wherein: 

Fig. 1 is a block diagram of an electrostatic induc- 
tion tablet; 

Fig. 2 is a block diagram of a display- integrated 



type tablet apparatus; 

Fig. 3 is a cross-sectional view of the display-in- 
tegrated type tablet apparatus of Fig. 2; 

5 Fig. 4 is a cross-sectional view illustrating the ex- 

posure of the detection pen in an electrostatic in- 
duction tablet to the radiofrequency field gener- 
ated from the fluorescent lamp light source; 
Fig. 5 is an assembly diagram of the components 

10 around the liquid crystal panel in a display-inte- 

grated type tablet apparatus of the present inven- 
tion; 

Fig. 6 is a cross-sectional view of a display-inte- 
grated type tablet apparatus having a shield elec- 
ts trade of the present Invention; 

Fig. 7 is an exploded view showing a shield plate 
used as a shielding member; 
Fig . 8 Is a cro ss-sectional view of a display- Inte- 
g rated type tablet apparatus of the present inven- 
20 tion having the shield plate of Fig. 7 and further 

members acting as shield electrodes; 
Fig. 9 Is a block diagram of a display- integrated 
type tablet apparatus of the present invention, 
wherein a display panel is driven by a duty-type 
25 driving method; 

Fig. 1 0 is a block diagram of a display- integrated 
type tablet apparatus of the present invention, 
wherein a display panel is of an active-matrix 
type; 

30 Fig. 11 is a block diagram of a tablet apparatus 

having a display function of the present invention 
wherein a tablet is stacked on a display panel; 
Fig. 12 is a block diagram showing a backlight 
drive circuitry to be incorporated into a tablet ap- 

35 paratus with a display function of the present In- 

vention; 

Fig. 13 is a block diagram showing another back- 
light drive circuitry to be incorporated into a tablet 
apparatus with a display function of the present 
40 invention; 

Fig. 14 is a timing chart showing the display per- 
iod and coordinate detection period adopted in 
the display-integrated type tablet apparatus of 
Fig. 2; 

45 Fig. 15 Is a timing chart of an example of the 

backlight on/off control timing in a backlight vol- 
tage application circuit shown in, for example, 
Fig. 9; 

Fig. 16 Is a waveform diagram of the supply vol- 
so tage in the backlight on/off operation controlled at 

the timing shown in Fig. 15; 
Fig. 17 is a timing chart of another example of the 
backlight on/off control timing in the backlight vol- 
tage application circuit: and 
55 Fig. 18 is another waveform diagram of the sup- 

ply voltage in the backlight on/off operation ef- 
fected by controlling a power supply circuit as 
shown in Fig. 13. 
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DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

Fig. 5 is an illustration of the assembly surround- 5 
ing a liquid crystal panel 11 in a display- integrated 
type tablet apparatus according to an embodiment of 
the present Invention, which has a fluorescent lamp 
as the backlight source. Fig. 6 is a fragmentary cross- 
sectional view taken along line A-A' of Fig. 5. Note 10 
that like functional parts in the display- integrated 
type tablet apparatuses in Figs. 2-6 are indicated by 
the same reference numerals, and further detailed 
description is omitted below. 

As shown in Figs. 5 and 6, a liquid crystal panel 15 
11 is disposed between an input panel 34 and a bot- 
tom plate 39. In the display- integrated type tablet ap- 
paratus, a segment drive circuit board ^1 mounting a 
segment drive circuifl 3 thereon is provided on either 
side of the liquid crystal panel 1 1 , and the liquid crys- 20 
tal panel 11 Is thus driven from both sides. This Is sim- 
ply because two liquid crystal panels are provided like 
a single liquid crystal panel on a single circuit board 
for a two-screen display-integrated type tablet appa- 
ratus. The use of two liquid crystal panels has no sig- 25 
nificance for the present invention. In Fig. 5, refer- 
ence numeral 32 is a common drive circuit board on 
which is mounted a common drive circuit 12, and ref- 
erence numeral 38 is a lamp drive power supply cir- 
cuit 30 

A fluorescent lamp 40 received in a lamp holder 
52 is provided on either side of a light guide panel 37 
on the bottom panel 39. 

As described above, the fluorescent lamp 40 is 
driven by a radiofrequency voltage supplied from the 35 
lamp drive power supply circuit 38 through not-shown 
lead wires. The lamp drive power supply circuit 38 and 
the lead wires constitute the voltage application 
means for the fluorescent lamp 40. Because one of 
the output terminals of the lamp drive power supply 40 
circuit 38 is grounded, an AC voltage with a 0-V center 
is output from the other terminal. Electrostatic noise 
is emitted from the lead wire connected with the AC- 
voltage output terminal of the lamp drive power sup- 
ply circuit 38 and from ail parts of the fluorescent lamp 45 
40 except its cathode side (the ground electrode 
side). 

The fluorescent lamp anode side is provided 
close to the lamp drive power supply circuit 38 so that 
the lead wire is as short as possible. It is further pre- so 
ferable for the lead wire to pass behind the back of the 
metallic bottom plate 39. Because the distributed in- 
ductance of shielded wire is high, shielded wire Is un- 
desirable with radiofrequency lights. 

Electrostatic noise, which is actually the greatest 55 
problem in electrostatic induction- type tablet appara- 
tuses, is emissions noise due to the radiofrequency 
field generated by the fluorescent lamp 40, as shown 
in Fig. 4. 



As far as the radiofrequency field is present be- 
hind a central, display portion of the liquid crystal pan- 
el 11, I.e., a portion about 20 mm from the periphery 
of the liquid crystal panel 11, at which the common 
and segment electrodes are provided, most of the ra- 
diofrequency field is shielded by the those common 
and segment electrodes which function as shield 
electrodes. Therefore, when the detection pen 18 is 
on a portion of the input panel corresponding to the 
central portion of the liquid crystal, the detection pen 
18 is not affected by the radiofrequency field. 

However, the radiofrequency field generated by 
the fluorescent lamp 40 and present in the periphery 
of the liquid crystal panel 11 cannot be shielded by 
the common and segment electrodes. 

The radiofrequency field from the fluorescent 
lamp 40 Js shielded by the fol lowing met hods which 
are used individually or in combination. 

First, the lamp holder 52 is formed from alumi- 
num or another metal, and is grounded. In this case, 
the lamp holder 52 itself functions as a shield elec- 
trode. While this shield method effectively shields the 
high frequency field, it is relatively expensive. In ad- 
dition, because the entire lamp holder is grounded 
and the inner side of the lamp holder 52 formed of a 
metal is very close to the fluorescent lamp 40, the 
lamp holder 52 increases the electrostatic capaci- 
tance between the fluorescent lamp 40 and ground. 
This causes a problem when the tablet apparatus is 
placed under the low- temperature condition. Specifi- 
cally, when the tablet apparatus is placed in the low- 
temperature environment and power is turned on, the 
fluorescent lamp 40 sometimes does not light imme- 
diately. This will give an unfavorable Impression to 
users. This problem can be solved by forming the 
lamp holder 52 of plastic and coating only an outer 
surface of the lamp holder 52 with an electrically con- 
ductive film 54 with an Inner surface of the lamp hold- 
er 52 left uncoated, as described below. 

In the next shielding method, the lamp holder 52 
is formed of plastic and only an outer surface of the 
lamp holder is electrolessly plated with a metal such 
as nickel or copper to be the electrically conductive 
film 54. The electrically conductive film 54 is ground- 
ed and functions as a shield electrode. In order to 
electrolessly plate only the outer surface of the lamp 
holder 52, an inner surface thereof is masked when 
the lamp holder is plated. Alternatively, a whole sur- 
face of the lamp holder 52 may be electrolessly plated 
and the metal on the inner surface of the tamp holder 
52 may be mechanically or chemically removed after- 
ward. In this case, since a plastic lamp holder Is used, 
a conventional mold for the lamp holders is usable. 
This shielding method is less expensive than the first 
method. 

Alternatively, the conductive film 54 is formed by 
spray coating or dip coating the outer surface of the 
plastic lamp holder with a metal such as copper or 
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nickel. The so formed conductive film 54 has a sur- 
face resistance of several tens ohms which is a litter 
higher than the conductive film 54 formed by electro- 
less plating, but can achieve a sufficient radiofre- 
quency field shielding effect 

When the conductive film 54 Is formed by spray- 
ing paint containing powdered copper, the conductive 
film 54 can offer a very good conductivity. For exam- 
ple, the conductive film 54 formed using paint of pow- 
dered copper had a resistance (between points 1 cm 
distant from each other) of 8.5 ohms. In contrast, a 
conductive film formed by applying paint containing 
nickel powders showed a resistance of 40 ohms. A 
conductive film formed from paint containing carbon 
powders showed a resistance of as large as 300 ohms 
and offered an insufficient shielding effect 

An ABS resin is suitable as material of the plastic 
■"lamjrhbfaeVirTti^ 
costs. For the lamp holder 52 formed of this ABC res- 
in, It is desirable to use paint wherein powdered cop- 
per Is dissolved in a solvent such as toluene, methyl 
ethyl ketone, or thinner. This paint is sprayed using a 
high-pressure gun and then the solvent is evaporat- 
ed, resulting in a conductive film 54 having good prop- 
erties in strength and resistance. 

It is to be noted that in the above, the conductive 
film 54 is formed only on the outer surface of the lamp 
holder 52 for the purpose of avoiding the above- 
mentioned problem due to the increased capacitance 
which would occur between the lamp 40 and a con- 
ductive film formed on the Inner surface of the lamp 
holder. However, needless to say, the conductive film 
54 formed on both surfaces or only the inner surface 
of the lamp holder 52 Is also effective in accomplish- 
ing the purpose of shielding the radiofrequency field, 
and even in these cases no problem wilt occur as far 
as the apparatus is used in normal temperature con- 
ditions. 

In the next method, a Mylar® or similar film with 
a metal vapor deposition film 55a on one side is pro- 
vided as a reflective plate 55 inside the lamp holder 
52 as shown in Fig. 6. This reflective plate 55 features 
good reflectivity because of the mirror-like metal va- 
por deposition film 55a, which can also be grounded 
to act as the shield electrode. As a result a radiofre- 
quency field shielding effect is easily achieved. 

Further shielding methods are shown in Figs. 7 
and 8. A9 shown in Fig. 7, a picture frame-shaped thin 
shield plate 58 is sandwiched between the input pan- 
el 34 and the front panel 33, and is grounded. This not 
only shields the radiofrequency field from the fluores- 
cent lamp 40, but also shields noise from the common 
drive circuit 12 and segment drive circuits provided 
around the liquid crystal panel 11 (see Fig. 5). 

As an alternative of the shield plate 58, a conduc- 
tivef ilm 58' can be formed on the front panel 33 in the 
corresponding region. Because the front panel 33 is 
normally formed of the ABC resin, paint containing 



copper or nickel powders dissolved in a solvent such 
as toluene, methyl ethyl ketone, or thinner is used for 
the conductive film 58', as described above. The paint 
5 is applied by spray-coating or silk screen process 
printing. 

It is also effective to apply a metal plating or con- 
ductive coating to the front panel 33, which Is normal- 
ly a simple plastic molding. 
10 While these measures will significantly shield 

electrostatic noise, noise around the voltage supply 
terminal of the fluorescent lamp 40 can be effectively 
reduced further by providing a transparent film 59 
with an Indium oxide coating over the dispersion pan- 
ts el 36 and grounding the film 59. 

Because the electrostatic noise from the lamp 
drive power supply circuit 38 (see Fig. 5) is also high, 
it is ajso effectlvejo shield the lamp drive power sup- 
ply circuit 38. 

20 Any one of t he above measures described above 

is effective, the effect can be further enhanced by 
combining a number of these. 

According to the present invention, the radiofre- 
quency field causing electrostatic noise is well shield- 

25 ed by a shield electrode as described above. As a re- 
sult, an induction voltage caused by such a radiofre- 
quency field can be prevented, and errors in detecting 
the coordinates of the detection pen tip can be pre- 
vented. Furthermore, a separately provided place for 

30 the shield electrode is not required. 

Although the above was described in connection 
with the display- integrated type tablet apparatus, the 
above radiofrequency shielding methods are applica- 
ble to any electrostatic induction-type tablet appara- 

35 tus having a display function wherein the display pan- 
el is backlit. 

The above has described embodiments of the in- 
vention wherein electrostatic noise is prevented from 
occurring by shielding the radiofrequency field with a 
40 shield electrode. The following describes embodi- 
ments of the invention wherein electrostatic noise is 
prevented from occurring by controlling lighting of the 
backlight 

The following embodiment completely eliminates 
45 electrostatic noise by eliminating the generation of a 
radiofrequency field from the backlight and voltage 
application means. 

In the display- integrated type tablet apparatus 
shown in Fig. 2, the apparatus is driven using time- 
so share processing alternating between the display 
period B and the coordinate detection period A as 
shown In Fig. 14. With this drive method, It is only 
necessary to illuminate the liquid crystal panel 11 by 
means of the backlight during the display period B. In 
55 light of this, in a display-integrated type tablet accord- 
ing to an embodiment of the present invention, which 
is shown in Fig. 9, power is supplied to light the back- 
light only during the display period B as shown in Fig. 
15, and the power supply is cut off to turn off the 
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backlight during the coordinate detection period A. 
Note that similar parts in Figs. 2 and 9 are indicated 
by the same reference numerals and further descrip- 
tion on those parts is omitted here. 

Referring to Fig. 9, a backlight voltage application 
circuit 61 is connected between the DC power supply 
circuit 22 and the backlight 60 such as a fluorescent 
lamp. The backlight voltage application circuit 61 is an 
inverter circuit including an internal oscillation circuit 
(not shown} and a step-up trasformer (not shown) to 
convert the DC voltage supplied from the power sup- 
ply circuit 22 to AC voltage. The backlight voltage ap- 
plication circuit 61 also has an internal switch circuit 
61a which Is controlled by a control signal "a" from the 
control circuit 17 to be turned on and off so that the 
AC voltage is applied to the backlight 60 only during 
the display period as shown In Fig. 15. 

The time is split between the display period B and 
the coordinate detection period A during one frame 
period In this display-Integrated type tablet apparatus 
so that the display period B is a minimum 95% and the 
coordinate detection period A consisting from an x-co- 
ordinate detection period Ax and a y-coordinate de- 
tection period Ay is a maximum 5% of the total proc- 
ess time. Therefore, even though the backlight 60 is 
turned off for several hundred microseconds, which is 
the time allocated to the coordinate detection period 
A, the backlight 60 immediately lights when the AC 
voltage is applied from the backlight voltage applica- 
tion circuit 61 to the backlight 60 during the subse- 
quent display period. 

As a result, there is no perceptible effect on the 
image displayed on the liquid crystal panel 11 during 
the display period B, and electrostatic noise caused 
by the radiofrequency field of the AC voltage is not 
generated during the coordinate detection period A. 
The tip coordinates of the detection pen 18 can there- 
fore be precisely detected. 

To further enhance this effect, the following 
measures may be taken. 

Specifically, electrostatic noise occurs easily 
when turning the AC voltage on or off by means of the 
switching circuit 61a in the backlight voltage applica- 
tion circuit 61 if the timing of the on/off operation is 
near the peak AC voltage applied to the backlight 60. 
To prevent this, the present embodiment turns the 
switching circuit 61 a off to turn the backlight 60 off at 
the beginning of the coordinate detection period A, 
more specifically the x-coordinate detection period 
Ax, and begins scanning the segment electrodes X or 
common electrodes Y at a predetermined period after 
the backlight turns off. Although the predetermined 
period depends on characteristics of the operational 
amplifier 19 which amplifies a signal detected by the 
detection pen 18, test apparatuses have required at 
least 10 microseconds as the predetermined period. 
On the other hand, scanning the segment electrodes 
X or common electrodes Y Is stopped at a predeter- 



mined period before the display period B starts, and 
the switching circuit 61a is turned on to turn the back- 
light 60 on simultaneous with the start of the display 

5 period B. 

Electrostatic noise, therefore, does not occur dur- 
ing the coordinate detection period A because the 
switching circuit 61a is not switched on/off during the 
coordinate detection. 

10 The switching circuit 61a may be turned off only 

during the y-coordinate detection period Ay as shown 
in Fig. 1 7. The reason for it is that the lower electrodes 
(common electrodes Y in Fig. 9) viewed from the de- 
tection pen 18 define y coordinates. As described 

15 above, induction voltages from the upper electrodes 
(segment electrodes X in Fig. 9) defining x coordin- 
ates are so high that the induction voltage of the de- 
tection pen 18 from the backlight 60 raises no prob- 
lem in detecting x coordinates. Accordingly, it will be 

20 easily understood that if the lower electrodes are x- 
coordinate electrodes, then the switching circuit 61a 
should be turned off only during the x-coordlnate de- 
tection period Ax. 

When a fluorescent lamp is used for the backlight 

25 60, the off operation timing of the switching circuit 61a 
can be adjusted to immediately before the transition 
from the display period to the coordinate detection 
period. There is no effect on the displayed image in 
this case even if the switching circuit is turned off and 

30 fluorescent lamp discharge is stopped because the 
fluorescence is sustained by the persistence charac- 
teristic of the fluorescent body. There Is also virtually 
no effect on coordinate detection using the detection 
pen 18. 

35 The above has described the timing of the on/off 

operation of the backlight 60 through the on/off oper- 
ation of the switching circuit 61a in the backlight vol- 
tage application circuit 61 of the display-integrated 
type tablet apparatus with a liquid crystal panel 11 

40 having a plurality of segment electrodes X and a plur- 
ality of common electrodes Y to which is applied a so- 
called duty-type drive method. The above-described 
method as shown in Fig. 1 5 is applicable to a display- 
integrated type tablet apparatus with a liquid crystal 

45 panel of a so-called active matrix type shown in Fig. 
1 0, wherein source electrodes Si-S m intersect gate 
electrodes 6 r G n and in respective intersections are 
provided thin-film transistors 125 whose respective 
gates and sources are connected with the gate and 

so source electrodes G r G n , Si-Sm and whose respec- 
tive drains are connected with a plurality of pixel elec- 
trodes 124 disposed in a matrix pattern on one side 
of the liquid crystal panel 111. In Fig. 10, reference nu- 
meral 112 indicates a gate drive circuit for driving the 

55 gate electrodes G<|-G n and reference numeral 1 13 in- 
dicates a source drive circuit for driving the source 
electrodes S r S m . Reference numerals 114, 115, 116, 
117, 120 and 121 are respectively a selector, display 
controller, detection controller, control circuit, x coor- 
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din ate detection circuit and y coordinate detection cir- 
cuit having functions similar to those of the selector 
14, display controller 15, detection controller 16, con- 
trol circuit 17, x coordinate detection circuit 20 and y 
coordinate detection circuit 21 of Fig. 9 and detailed 
description is omitted here. In this display- Integrated 
type tablet apparatus as well, the switching circuit 61 
is turned on or off in response to a control signal "a" 
from the control circuit 117, as described above in 
connection with the display- Integrated type tablet ap- 
paratus of Fig. 9. 

Furthermore, the above method is also applica- 
ble to the input apparatus of the type that a tablet 1 
is superimposed on a display panel 101 as shown in 
Fig. 11. Note that similar parts in Figs. 1 and 11 are 
indicated by the same reference numbers and further 
description Is omitted here. The switching circuit 61a 
"of t he backl ight voltage appl ication circu it STis turned 
on and off by a control signal from the timing gener- 
ator 6 so that the backlight 60 is turned off during the 
coordinate detection period of the tablet 1. 

fn these apparatuses of Figs. 10 and 11 also, the 
switching circuit 61a may be turned off to turn the 
backlight 60 off at the beginning of the coordinate de- 
tection period A and begin scanning the detection 
electrodes (source electrodes or gate electrodes; col- 
umn electrodes or row electrodes) at a predetermined 
period after the backlight turns off, so that noise pro- 
duced during the on/off operations of the switching 
circuit 61 is prevented. 

Such noise produced during the on/off opera- 
tions of the switching circuit 61a can also be avoided 
by the following methods. 

Figs. 12 Is a block diagram of the backlight drive 
circuitry to be replaced with the backlight drive circui- 
try of Figs. 9-11 including the backlight voltage appli- 
cation circuit 61 whose switch circuit 61a is turned on 
and off In response to the control signal from the con- 
trol circuit 17, 117 or the timing generator 6. The back- 
light drive circuitry of Fig. 12 includes a backlight vol- 
tage application circuit 62 which has an internal oscil- 
lation circuit 62a and step-up transformer (not shown 
in the figure) as the backlight voltage application cir- 
cuit 61 of Figs. 9-11 does. The backlight voltage ap- 
plication circuit 62, however, does not have a switch- 
ing circuit, unlike the backlight voltage application cir- 
cuit 61 . The backlight voltage application circuit 62 is 
driven by a DC voltage supplied from a power supply 
circuit 63 which may be the DC power supply circuit 
22 of Figs. 9 and 10. 

A control signal "b" output from the control circuit 
1 7 (or 1 1 7, or the timing generator 6) In Fig. 9 (or Fig. 
1 0 or Fig. 11 ) 6 is input to the backlight voltage appli- 
cation circuit 62. It is to be noted that the control signal 
supply timing can be shifted using additional circuitry. 

In the noise avoiding method according to Fig. 
12, the phase of the AC voltage applied to the back- 
light 60 is controlled by controlling the oscillation start 



and stop of the oscillation circuit 62a in the backlight 
voltage application circuit 62 with the control signal 
"b". As a result, as shown In Fig. 16, the AC voltage 

5 for turning the backlight 60 on can start (rise) from 0 
V and stop at 0 V, and noise is therefore not produced 
when the backlight 60 switches on and off. 

Fig. 13 Is a block diagram of further backlight 
drive circuitry to be replaced with the backlight drive 

10 circuitry of Figs. 9-11. The backlight drive circuitry of 
Fig. 13 includes a backlight voltage application circuit 
64 which has an internal oscillation circuit and step- 
up transformer (neither shown in the figure). This 
backlight voltage application circuit 64 does not have 

15 a switching circuit, like the backlight voltage applica- 
tion circuit 62 of Fig. 12. The backlight voltage appli- 
cation circuit 64 is driven by a DC voltage supplied 
from a power supply circuit 65. ...... 

A control signal "c" output from the control circuit 

20 1 7 (or 1 1 7, or the timing generator 6) in Fig. 9 (or Fig. 
10 or Fig. 11) Is Input to the power supply circuit 65. 
It is to be noted that the control signal supply timing 
can be shifted using additional circuitry. 

In the backlight drive circuitry control method 

25 shown in Fig. 13, a control function is built in to the 
power supply circuit 65 for switching the DC voltage 
supplied to the backlight voltage application circuit 64 
on or off. The output of the backlight voltage applica- 
tion circuit 64 oscillation circuit therefore rises with 

30 the rise in the voltage supplied from the power supply 
circuit 65, and the AC voltage for the backlight 60 ris- 
es at 0 V as shown in Fig. 16. On the other hand, be- 
cause the oscillation circuit output also stops at the 
drop in the voltage supplied from the power supply 

35 circuit 65, the AC voltage for the backlight 60 stops at 
0 V as shown in Fig. 16. 

Noise does therefore not occur during on/off op- 
eration of the backlight 60. 

It is to be noted that In actual circuitry adopting 

40 the method of controlling the backlight on/off opera- 
tion through control of a power supply circuit which 
supplies a DC voltage, as shown in Fig. 13, an AC vol- 
tage applied to the backlight 60 often becomes as 
shown in Fig. 18. In this case, the backlight on/of ftim- 

45 ing will be between those shown in Fig. 15 and Fig. 
1 7. Accordingly, it is often difficult to say which of the 
backlight on/off control timings of Fig. 15 and Fig. 17 
is adopted for the actual circuitry. 

Noise can be avoided by a still another method. 

so In this method, a semiconductor switching circuit (not 
shown) is provided between the backlight 60 and a 
backlight voltage application circuit similar to the 
backlight voltage application circuit 64. The backlight 
voltage application circuit is normally driven, and the 

55 on/off operation of the semiconductor switching cir- 
cuit is controlled by a control signal, which Is supplied 
from the control circuit 17 (or 117 or the timing gen- 
erator 6) shown in Fig. 9, 10 or 11 to turn the backlight 
on and off. 
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The AC voltage supplied to the backlight 60 is 
therefore switched on and off at a 0-V level as shown 
In Fig. 16 In a so-called "zero cross switching" opera- 
tion. Noise does not occur during the backlight on/off 
operation because of this operating method. 

In the above methods, the electrostatic noise is 
prevented from occurring by turning the backlight off 
during the coordinate detection period so that a radio- 
frequency field is not generated from the backlight 
and drive circuitry therefor during the coordinate de- 
tection period. Alternatively, effects of the radiofre- 
quency field produced from the backlight and drive 
circuitry therefor can be also eliminated in the follow- 
ing manner. 

To avoid the effects of the AC voltage applied to 
turn the backlight on, the frequency of the AC voltage 
for backlight illumination is set to a frequency suff I- 
cientiy se parated from a frequency band of frequency 
components of the induction voltage induced to the 
detection pen 7 or 18 by scanning pulses. 

While frequency bands of amplifiers (not shown 
in the figures) provided in the x-coordinate detection 
circuit 9, 20, or 120 and the y-coordinate detection cir- 
cuit 10, 21, or 121 are adjusted to the frequency band 
of the frequency components of the induction voltage 
induced to the detection pen 7, 18, the AC voltage for 
the backlight illumination is set to a frequency suffi- 
ciently removed from the frequency band of these 
amplifiers. For example, when the optimum frequen- 
cy band of the amplifiers of the x-coordinate detection 
circuit 9, 20, or 120 and y-coordinate detection circuit 
10, 21, or 121 is 30 - 100 kHz, the frequency of the 
backlight illumination voltage is set to around 3 kHz. 

As a result of this frequency difference, most of 
the electrostatic noise components superimposed 
from the backlight and peripheral components to the 
detection signal of the detection pen 7, 18 can be ef- 
fectively removed by the amplifiers. 

It is to be noted that the above embodiments are 
described using liquid crystals for the display materi- 
al, but the invention shall not be so limited. The inven- 
tion can be applied to tablet apparatuses comprising 
a display function achieved using other display mate- 
rials for a non-1 Ight-emitting display such as electro- 
chromic display materials. 

The invention being thus described, it will be ob- 
vious that the same may be varied in many ways. 
Such variations are not to be regarded as a departure 
from the spirit and scope of the invention, and all such 
modifications as would be obvious to one skilled in 
the art are intended to be included within the scope 
of the following claims. 



Claims 

1 . A tablet apparatus of an electrostatic induction 
type with a display function for inputting coordin- 



ates of a position indicated by an associated in- 
dicating means (7, 18) and displaying an image at 
the Inputted coordinates, comprising: 
5 a display panel (11, 101, 111) for display- 

ing the image, which incorporates a light emis- 
sions source (40, 60) acting as a backlight Illumin- 
ating said display panel (11, 101, 111) from be- 
hind and driven by an alternating current (AC) 
10 voltage; 

a voltage application means (38, 61, 62, 
63, 64, 65) for supplying said AC voltage to said 
light emissions source (40, 60); and 

means for eliminating electrostatic noise 
15 resulting from a radiofrequency field generated 

from said light emissions source (40, 60) and vol- 
tage application means (38, 61, 62, 63, 64, 65). 

2. The tablet apparatus according to Claim 1, 
20 wherein said display panel is a liquid crystal dis- 
play panel (11, 101, 111). 

3. The tablet apparatus according to Claim 1, 
wherein said light emissions source (40) and said 

25 voltage application means (38) are placed behind 

said display panel (11), and said means for elim- 
inating electrostatic noise comprises a shield 
electrode (54, 55a, 58, 58', 59) formed of a con- 
ductive material which Is provided between an In- 
30 put panel (34) of the tablet apparatus and said 

light emissions source (40) and voltage applica- 
tion means (38) for shielding the radiofrequency 
field generated from said light emissions source 
(40) and voltage application means (38). 

35 

4. The tablet apparatus according to Claim 3, 
wherein the light emissions source is a fluores- 
cent lamp (40) disposed on either side of said dis- 
play panel (11), and the shield electrode (54) is 

40 provided on a lamp holder (52) of the fluorescent 

lamp (40). 

5. The tablet apparatus according to Claim 4, 
wherein the shield electrode is constituted of a 

45 conductive film (54) provided on only an otter 

surface of said lamp holder (52). 

6. The tablet apparatus according to Claim 3, 
wherein the shield electrode (58, 58') Is placed 

50 between a peripheral portion of said input panel 

(34) and a front panel (33) provided around said 
input panel (34) In such a manner to support said 
Input panel (34) thereon at said peripheral por- 
tion. 

55 

7. The tablet apparatus according to Claim 1, 
wherein the tablet apparatus is operated by a 
time-sharing method alternating between a coor- 
dinate detection period (A) during which coordin- 
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ates of a position indicated by said associated in- 
dicating means (7, 18) is detected by sequentially 
scanning a plurality of first electrodes (X1-X40. Si- 
S m , XrXm) and a plurality of second electrodes 
(Y-,-Y 8 , G,-G n , Y r Yn) perpendicular to said first 
electrodes (X^X^, S r S m , X^XJ and a display 
period (B) during which an Image Is displayed on 
said display panel (11, 101 , 111) at a position cor- 
responding to the position detected in the coor- 
dinate detection period, and wherein said means 
for eliminating electrostatic noise comprises a 
control means (6, 17, 117) for controlling said vol- 
tage application means (61, 62, 63, 64, 65) such 
that said light emissions source (60) lights during 
the display period and does not light during the 
coordinate detection period. 

8. The tablet ^pal^tus According to Claim 7, 
wherein scanning of said electrodes (X 1 -X 40 , S r 
S m , X^X™; Yi-Ya, Gi-Gn, Y,-Y n ) Is started a pre- 
determined time after application of the AC vol- 
tage to said light emissions source (60) by said 
voltage application means (61 , 62, 64) is stopped, 
and the application of the AC voltage to said light 
emissions source (60) by said voltage application 
means (61, 62, 64) is started a predetermined 
time after the scanning of said electrodes Is stop- 
ped. 

9. The tablet apparatus according to Claim 7, 
wherein said voltage application means (62, 63, 
64, 65) includes a power supply circuit (63, 65) for 
supplying a direct current (DC) voltage and an in- 
verter circuit (62, 64) for converting the direct 
current voltage received from the power supply 
circuit (63, 65) to the alternating current voltage, 
and said control means (17, 117) controls one of 
said Inverter circuit (62) and power supply circuit 
(65) such that the AC voltage supplied to said 
light emissions source (60) starts from 0 vofts and 
stop at 0 volts. 

10. The tablet apparatus according to Claim 1, 
wherein the tablet apparatus is operated by a 
time-sharing method alternating between a coor- 
dinate detection period (A) during which coordin- 
ates of a position indicated by said associated in- 
dicating means (18) is detected by sequentially 
scanning a plurality of first electrodes (X^Xw) 
and a plurality of second electrodes (Y r Y 8 ) per- 
pendicular to said first electrodes (XtOQo) and a 
display period (B) during which an image is dis- 
played on said display panel (1 1) at a position cor- 
responding to the position detected in the coor- 
dinate detection period, said coordinate detection 
period (A) consisting of an x-coordinate detection 
period (AJ during which said first electrodes (X r 
X40) are scanned and a y-coordinate detection 



period (A Y ) during which said second electrodes 
(Y^Yb) are scanned, and wherein said means for 
eliminating electrostatic noise comprises a con- 
5 trol means (17) for controlling said voltage appli- 

cation means (61 . 62, 63, 64, 65) such that said 
light emissions source (60) is turned off only dur- 
ing the y-coordlnate detection period (A Y ) when 
the second electrodes (Y r Y 8 ) are lower electro- 
fa des as viewed from said indicating means (18) 
and that said light emissions source (60) is turned 
off only during the x-coordinate detection period 
(Ax) if the first electrodes (X 1 -X4o) are the lower 
electrodes. 

15 

11. A display-integrated type tablet apparatus com- 
prising: 

a display panel ( 11, 1 11) p royided with a 
plurality of first electrodes (Xf-X^ Si-S m ) and a 
20 plurality of second electrodes (Y r Y 8 , G t -G n ) per- 

pendicular to said first electrodes (X1-X40. S r S m ); 

a detection pen (1 8) at a tip of which is dis- 
posed an electrode (18a) electrostatically con- 
nected to said first and second electrodes (X r 
25 X40. S^S™ Yi-Ya, G^Gn); 

a first drive circuit (1 3, 1 1 3) for driving said 
first electrodes (X1-X40, S r S m ); 

a second drive circuit (12, 112) for driving 
said second electrodes (Yi-Y 8 , Gi-Gn); 
30 a display control circuit (15, 115) for con- 

trolling said first and second drive circuits (13, 
1 1 3; 1 2, 1 1 2) during a display period of the appa- 
ratus to display an image on said display panel 
(11. 111); 

35 a detection control circuit (16, 116) for con- 

trolling at least one of said first and second drive 
circuits (13, 113; 12, 112) to sequentially scan the 
corresponding electrodes (X r X4o, S r S m ; Y-pYs, 
Gi-G n ) during a coordinate detection period of the 

40 apparatus; 

a coordinate detection circuit (20, 21, 120, 
121) for detecting coordinates on said display 
panel (11,111) specified by the detection pen tip 
(18a) based on timing of generation of an output 

45 signal (Siv) from said detection pen (18) and tim- 

ing of scanning of said electrodes (X1-X40. Si-S B ; 
Y1-Y3, GrGn); 

a lighting means (60) driven by an alternat- 
ing current voltage for illuminating said display 

50 panel (11, 111) from behind; 

a voltage application circuit (22, 61 , 62, 63, 
65) for applying said alternating current voltage 
to said lighting means (60) to turn It on; and 

a control circuit (17, 117) for controlling 

55 said display control circuit (15, 115), detection 

control circuit (16, 116), coordinate detection cir- 
cuit (20, 21 , 1 20, 1 21 ), and voltage application cir- 
cuit (61 , 61a, 62, 62a, 65) to a) alternately set the 
display period (B) and coordinate detection peri- 
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od (A), b) display the image on said display panel 
(11,111) during the display period (B), and c) de- 
tect the coordinates of the detection pen tip on 
said display panel (11 ,111) during the coordinate 
detection period (A), 

wherein said control circuit (17, 117) con- 
trols said voltage application circuit (61, 61a f 62, 
62a, 65) such that the lighting means (60) lights 
during the display period (B), and does not light 
during the coordinate detection period (A). 

12. The display-integrated type tablet apparatus ac- 
cording to Claim 11, wherein said display panel 
(11 , 111) is a liquid crystal display panel. 

13. The display-integrated type tablet apparatus ac- 
cording to Claim 11, wherein said control circuit 
(17, 117) controls said detection controF circuit 
(16, 116) and voltage application circuit (61) such 
that electrode scanning by said detection control 
circuit (16, 116) begins a predetermined time af- 
ter application of the alternating current voltage 
to said lighting means (60) from said voltage ap- 
plication means (61) stops, and application of the 
alternating current voltage to said lighting means 
(60) by said voltage application circuit (61 ) begins 
a predetermined time after electrode scanning by 
said detection control circuit (16, 116) finishes. 

14. The display-integrated type tablet apparatus ac- 
cording to Claim 11, wherein said display panel 

(II) is provided with segment electrodes (X 1 -X 40 ) 
and common electrodes (Yi-Y e ) arid is driven by 
a duty-type driving method. 

1 5. The display-integrated type tablet apparatus ac- 
cording to Claim 11, wherein said display panel 

(III) is of an active matrix type, and Is provided 
with source electrodes (S r S m ) and gate electro- 
des (G r G n ) at intersections of which are provided 
transistors (125) whose respective sources and 
gates are connected to said source and gate elec- 
trodes (S r S m , Gi-Gn) and whose respective 
drains are connected to pixel electrodes (124) 
provided in a matrix pattern. 



a tablet (11, 33, 111, 1) of electrostatic in- 
duction type for detecting coordinates on the tab- 
let at a tip of an associated detection pen (7, 1 8) 
5 based on an induction voltage induced to the de- 

tection pen (7, 18), characterized in that: 

the alternating current voltage applied to 
the lighting member (40, 60) by the voltage appli- 
cation means has a frequency which does not fall 
10 within a range of frequency components of the in- 

duction voltage Induced to the detection pen (7, 
1 8) at the electrostatic induction tablet. 

17. A tablet apparatus comprising a panel and having 
15 the functions of detection of a position on said 

panel designated by an inductive stylus and of 
display of the designated position, characterised 
by means for inhibiting interference of the posi- 
tion detection by said stylus due to RF noise from 
20 an AC driven backlight used in the display func- 

tion. 



25 



30 



35 



40 



45 



16. A tablet apparatus with a display function com- 
prising: 

a display panel (11, 101, 111) having for so 
displaying an image; 

a lighting member (40, 60) driven by an al- 
ternating current voltage for illuminating the dis- 
play panel from behind the display panel (11,101, 
111); 55 

a voltage application means (38, 61, 62, 
64) for applying the alternating current voltage to 
the lighting member (40, 60) so that the lighting 
member (40, 60) lights; and 
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